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Vehicle Frame Structure For Motorcycles 



FIELD OF THE INVENTION 

The present invention relates to a vehicle frame structure for a 
motorcycle, which includes main frames prepared from a sheet metal and a cast 
metal. 

BACKGROUND ART 

For a well-known vehicle frame structure of a motorcycle, the 
Japanese Patent No. 2688916 discloses a vehicle frame structure which includes 
a pair of left and right main frame pieces each having inner and outer plates 
prepared from a sheet metal and also includes rear arm brackets (swing arm 
brackets) connected to and extending downwardly from a corresponding rear end 
of the main frame pieces and having left and right bracket bodies prepared from a 
cast metal, the left and right bracket bodies being connected with each other by 
means of cross tubes. 

However, since in this known vehicle frame structure the inner and 
outer plates forming the pair of the left and right main frame pieces are each 
prepared from a sheet metal, it is difficult to secure dimensional accuracy. 
Because of this, where an air cleaner is desired to be disposed inside the main 
frame pieces forming a forked main frame, it is necessary to set a clearance for 
the mounting of the air cleaner and other components with a dimensional error 
taken into consideration. As a result, the main frame tends to become bulky in 
size, resulting in a weight increase. 

Also, as shown in Fig. 4c, when an outer plate 61 and an inner plate 
62 forming the main frame and prepared from a sheet metal are welded together, 
the outer and inner plates are overlapped one above the other and then connected 
together by a fillet welding. Accordingly, in view of the facts that the shape of 
a welding groove is limited and that it is difficult to position the outer and inner 
plates 61 and 62, both of which are prepared from a sheet metal and are therefore 
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difficult to be prepared with dimensional accuracy, so as to be overlapped one 
above the other with no gap formed between the outer and inner plates 61 and 62, 
the welding workability tends to be lowered. Also, since respective portions in 
contact with welding joints between the outer and inner plates 61 and 62, which 
are encompassed by the phantom circles 63 in Fig. 4c, tends to be melted during 
the fillet welding, a welding torch must be set and held relative to the plate 
surface at an angle effective to accomplish an optimum welding and, therefore, 
not only does the welding require time-consuming and cumbersome procedures, 
but it also requires the skill. In addition, since the welding joint has a step at 
which the cross-sectional area varies greatly, stress concentration tends to set up 
easily. 

Since the main frame is prepared by welding the outer frame 61 and 
the inner frame 62, each prepared from the sheet metal, finished products are apt 
to have large dimensional variations. Accordingly, when the air cleaner is to be 
disposed in a space inside the main frame, a joint of an air guide port inside the 
main frame and a joint of the air cleaner will not be smoothly positioned relative 
to each other, resulting in complicated and time-consuming assemblage. 

Yet, when the strength of the main frame prepared from the sheet 
metal is desired to be locally reinforced, the main frame in its entirety has to be 
prepared to have an increased thickness and/or a separate element such as a 
gusset plate must be welded to the area required to be reinforced, resulting in 
increase of the weight and the manufacturing cost. 
DISCLOSURE OF THE INVENTION 

The present invention has been devised in view of the foregoing 
problems and is intended to provide a vehicle frame structure for a motorcycle 
having an appealing appearance, which structure can be assembled lightweight 
and compact in size and at a reduced cost. 

In order to accomplish the foregoing object, the vehicle frame 
structure for a motorcycle according to the present invention includes a head 
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block including a head tube, a. main frame forked leftwards and rightwards from 
the head block to form a pair of left and right main frame half portions extending 
rearwardly of the head block, and swing arm brackets extending downwardly 
from rear ends of the main frame half portions. An inner frame portion of the 
main frame and the swing arm brackets in their entirety or inner portions of the 
swing arm brackets are integrally formed by an inner member prepared from a 
metal casting. On the other hand, at least an outer frame portion of the main 
frame is formed by an outer member prepared from a sheet metal. 

In this vehicle frame structure for a motorcycle, since the outer 
portion of the main frame is formed by the outer member prepared from a sheet 
metal, not only can an excellent appearance be obtained as compared with a 
metal casting, but a weight reduction can also be achieved. On the other hand, 
since the inner portion of the main frame is formed by the inner member 
prepared from a metal casting that can be manufactured to have an accurate 
shape with higher dimensional precision than that afforded by a sheet metal, the 
following advantages can be obtained. Specifically, since the clearance for 
component parts such as an air cleaner that are to be disposed inside the forked 
main frame can be set to a value as small as possible, the widthwise dimension of 
the main frame can be reduced to facilitate compactization and reduction in the 
weight of the main frame. Also, when the outer member and the inner member 
are welded with each other, a welding step can be integrally formed in the inner 
member prepared from a metal casting, with each of tip portions of the inner 
member formed as a thin-walled portion and, accordingly, if the outer member 
prepared from a sheet metal is overlapped with this thin-walled portion so as to 
be butted against the welding step to perform a butt welding, positioning at the 
welding site can be accomplished easily and a favorable welding can be carried 
out. Also, since the shape of a welding groove between the inner member and 
the outer member, that is, the shape of a weld joint can have the freedom, the 
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weldability can be increased to facilitate the efficient welding. In other words, 
the time required to accomplish the welding can be shortened. 

Moreover, when the butt welding is performed, since a smooth weld 
joint without accompanying a bead protrusion can be obtained and, also, since 
the cross-sectional area of the resultant weld is uniform without being 
accompanied by any stress concentration, strength variations of the main frame 
can be withheld at a low level and, as a result, the weight of the main frame can 
be reduced. Also, since the inner member prepared from a metal casting and 
forming the inner portion of the main frame can be easily formed integrally with 
holding elements for an air cleaner and/or an electrical component and damping 
ribs if necessary, as compared with the conventional arrangement in which 
separate and independent retainer brackets are welded or bolted to a main frame 
or in which a damping structure having a rubber damper embedded in a main 
frame is employed, the number of component parts can be reduced to thereby 
reduce the cost. In addition, where the strength of the main frame is desired to 
be locally enhanced, it can be accomplished merely by increasing the thickness 
of that portion of the inner member, formed by casting, which requires 
reinforcement. 

In a preferred embodiment of the present invention, a guide passage 
for introduction of an air to an air cleaner of an engine is formed inside the main 
frame. According to this feature, since the inside of the main frame functions as 
a part of the air cleaner, a cleaner casing for the air cleaner can be formed 
compact in size. In such case, since the inner portion of the main frame with 
respect to the vehicle frame structure is formed by the inner member prepared 
from a metal casting and capable of being manufactured with higher dimensional 
accuracy than that afforded by a sheet metal, the guide passage and a front 
portion of the cleaner casing can be favorably connected with each other to 
enhance the assemblability when the air cleaner or the like is disposed inside the 
forked main frame. 
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The air cleaner may be positioned within a space delimited between a 
pair of left and right main frame half portions of the main frame. According to 
this feature, the space between the main frame half portions can be effectively 
utilized. 

Also, the inner and outer frame portions of the main frame may be 
configured to represent a generally U-shape with their openings jointed with each 
other to define the guide passage therein. According to this feature, the space 
for the guide passage can be secured. 

In another preferred embodiment of the present invention, a flashing 
plate is employed for deflecting the flow of the air to separate water contained in 
the air is disposed within the guide passage. According to this feature, even 
though the air introduced contains raindrops or the like, intrusion of those 
raindrops into a downstream portion of a cleaner element of the air cleaner can 
be avoided by the flashing plate. Also, since the flashing plate can be easily 
formed integrally with the inner member that is prepared from a metal casting, 
there is no increase in the number of component parts and the cost. 

In a further preferred embodiment of the present invention, the head 
block is formed with an intake passage through which the air is sucked and 
supplied to the guide passage. According to this construction, the space 
available within the frame structure from the head block towards the main frame 
can be utilized effectively to allow the air to be efficiently supplied to the air 
cleaner. 

Also, the inner member is preferably integrally cast with cross 
members for connecting the pair of the left and right main frame half portions 
with each other. According to this feature, the rigidity of the main frame can be 
increased. 

In addition, the inner member can be integrally cast with damping 
ribs. According to this feature, vibration of the main frame can be suppressed. 
BRIEF DESCRIPTION OF THE DRAWINGS 
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Fig. 1 is a side view of a motorcycle having a vehicle frame structure 
according to a preferred embodiment of the present invention; 

Fig. 2 is a view of the vehicle frame structure as viewed in a direction 
II shown in Fig. 3; 

Fig. 3 is a side view showing the vehicle frame structure supporting 

an engine; 

Fig. 4a is an enlarged cross-sectional view of the vehicle frame 

structure taken along the line IV-IV in Fig. 2; 

Fig. 4b is a fragmentary enlarged view of Fig. 4a; and 

Fig. 4c is a sectional view of the conventional vehicle frame structure, 

shown for comparison purpose, showing the manner in which inner and outer 

plates of a main frame of the conventional vehicle frame structure are welded 

together. 

BEST MODE FOR CARRYING OUT THE INVENTION 

Hereinafter, a preferred embodiment of the present invention will be 
described in detail with reference to the accompanying drawings. 

Fig. 1 is a side view of a motorcycle having a vehicle frame structure 
according to a preferred embodiment of the present invention. The motorcycle 
includes a vehicle frame stmcture 1 and a front fork 4. The vehicle frame 
structure 1 has a head tube 3 formed integrally with a head block 2 at a front end 
of the vehicle frame structure 1 and also has swing arm brackets 8 positioned 
below a generally intermediate portion of the vehicle frame structure 1 to 
pivotally support a swing arm 9 for movement up and down with a rear wheel 10 
rotatably carried by the swing arm 9. The front fork 4 is rotatably supported by 
the head tube 3 through a steering shaft (not shown) with a front wheel 7 
rotatably carried by the front fork 4. An internal combustion engine E is 
mounted on the vehicle frame structure 1 at a location below a generally 
intermediate portion thereof and is used to drive the rear wheel 10 by a chain (not 
shown) while the motorcycle can be steered through the steering shaft and a 
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handlebar 12 fixed on an upper end of the front fork 4. A fuel tank 13 is 
mounted on the top of main frames 11 of the vehicle frame structure 1. 

A seat rail 14 and a reinforcement rail 14A cooperating together to 
define a rear portion of the vehicle frame structure 1 are secured to a rear portion 
of the main frame 11, with a seat 17 for supporting a motorcyclist mounted on 
the seat rail 17. A single rear suspension 18 is interposed betv^een the vehicle 
frame structure 1 and the swing arm 9. 

Fig. 2 illustrates the vehicle frame structure 1 as viewed in a direction 
II shown in Fig. 3. The illustrated vehicle frame structure 1 includes the main 
frame 11 forked from the head block 2 so as to extend rearwardly (or 
downwardly as viewed in Fig. 2) therefrom on left and right sides, respectively, 
to form a pair of left and right main frame half portions 11a and lib, and also 
includes the swing arm brackets 8 that extend downwardly from left and right 
rear ends of the main frame 11, respectively, as shown in Fig. 3. The main 
frame 11 includes, as shown in Fig. 2, an inner member 19, prepared from a cast 
metal, and an outer member 20 prepared from a sheet metal and joined to the 
inner member 19. The inner member 19 includes an inner frame portion 21, 
made up of a pair of left and right mner frame halves 21 A and 21B that are 
positioned inside the vehicle frame structure, and the swing arm brackets 8, the 
inner frame portion 21 and the swing arm brackets 8 being integrated together by 
a metal casting technique. The outer member 20 includes a pair of left and right 
outer frame halves 20A and 20B that are prepared from a sheet metal and define 
an outer frame portion of the main frame 11 of the vehicle frame structure 1. 

Fig. 4a illustrates an enlarged cross-sectional view taken along line 
IV-IV in Fig. 2. As shown therein, the pair of the left and right outer frame 
halves 20A and 20B of the outer member 20 and the pair of the left and right 
inner frame halves 21A and 21B of the inner frame portion 21 of the inner 
member 19 are each in the form of U-sectioned configuration. The pair of the 
left and right outer frame halves 20A and 20B and the pair of the left and right 
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inner frame halves 21A and 21B are welded together at their respective openings 
to define the main frame 11. A guide passage 22 for an air A (Fig. 1) forming a 
part of an upstream side of an air cleaner 28 is defined inside the pair of the left 
and right main frame half portions 11a and lib. It is to be noted that the details 
of the route of flow of the air A and the welding of the outer frame halves 20A 
and 20B and the inner frame halves 21A and 21B will be described later 

The route of flow of the air A will now be described. Referring to 
Fig. 2, the head block 2 is a metal casting product made up of an air intake duct 
23 having its front end opening outwardly and the head tube 3, both of which are 
molded integrally with each other, with a rear end of the air intake duct 23 
welded to a front end of the main frame 11. The welding line is indicated by a 
symbol LI. Accordingly, the air A introduced into intake passages 23b through 
an intake port 23a at the front end of the intake duct 23 is introduced being 
branched into left and right introducing passages 22 in the main frames 11. 
Also, as shown in Figs.l and 2, the front end of the intake duct 23 is 
fluid-connected with an air introducing duct 27 opening at a front surface of a 
front fairing 24 of the motorcycle, and the air A is thus introduced from this air 
introducing duct 27 into the intake duct 23. 

Within an inner space of the forked main frame 11 shown in Fig. 2, 
that is, an inner space between the two main frame half portions 11a and lib, a 
cleaner casing 31 accommodating therein an cleaner element 29 forming a part of 
the air cleaner 28 is disposed, and an upstream side of the cleaner element 29 
within the cleaner casing 31 is coupled in fluid-communication with the left and 
right introducing passages 22 in the main frame 11 through a pair of left and right 
connecting ducts 32. The cleaner casing 31 is supported by a throttle body 25 
shown in Fig. 3. 

As shown in Figs. 1 and 2, the cleaner casing 31 is connected with a 
plurality of ducts 33a of fuel supply devices 33 that are connected with respective 
cylinders of the multi-cylinder engine E. Accordingly, the air A after having 
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been branched and flowed from the air introducing duct 27, shown in Fig. 1, into 
the left and right introducing passages 22 in the main frames 11 and the 
connecting ducts 32 through the intake passages 23b of the air intake duct 23 is 
supplied to the cleaner casing 31 and is then purified by the cleaner element 29. 
The purified air is supplied from a purified air chamber 30 at a downstream side 
of the cleaner element 29 to the fuel supply device 33 through the ducts 33a and 
is finally supplied to the engine E after having been mixed with a fuel in the fuel 
supply devices 33. 

In the vehicle frame structure 1, since the introducing passages 22 in 
the main frame 11 functions as a part of the air cleaner 28 to carry out, for 
example, noise reduction as a silencer and waterproofing, the cleaner casing 31 
of the air cleaner 28 can be compact in size. In such case, since the inner space 
of the main frame 11 is defined by the inner member 19 prepared by the metal 
casting capable which enables to provide the inner member 19 with higher 
dimensional accuracy than the sheet metal, a consistent connection between the 
introducing passage 22 and the front portion of the air cleaner 28 can be achieved 
through the connecting duct 32 and the assemblability can be increased when the 
air cleaner 28 is disposed within the inner space of the forked main frame 11. 
Also, since the intake passages 23b are defined in the air intake duct 23 of the 
head block 2, the space available from the head block 2 towards the main frame 
11 can be effectively utilized to allow the air A to be efficiently supplied to the air 
cleaner 28. 

Also, in this embodiment, a flashing plate 34 for deflecting the flow 
of the air A over 270- to separate water contained in the air A is positioned within 
each of the left and right introducing passages 22 of the main frame 11 at a 
location upstream of the mounting site of the connecting duct 32. This flashing 
plate 34 is formed integrally with each of the left and right inner frame halves 
21A and 21B of the inner frame portion 21 by a metal casting technique. 
Accordingly, even though the air A introduced contains raindrops or the Uke, 
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intrusion of those raindrops into the air cleaner 28 can be avoided by the flashing 
plates 34. Also, since each of the flashing plates 34 can be easily formed 
integrally with the inner frame portion 21 prepared from a metal casting, there is 
no increase in the number of component parts used and the cost will not be 
increased. 

The inner frame halves 21A and 21B forming the inner portions of 
the main frame half portions 11a and lib and the left and right swing arm 
brackets 8 and 8 are connected with each other by respective cross members 37 
and 38 extending left and right therebetween and formed integrally with the inner 
member 19 by a metal casting technique. Accordingly, the rigidity of the main 
frame 11 can be increased. The front upper cross member 37 is positioned 
rearwardly of the cleaner casing 31. Accordingly, the space for accommodating 
the cleaner casing 31 is delimited by the left and right main frame half portions 
11a and lib and the upper cross member 37. As shown in Fig. 3, at a location 
substantially intermediate of the vertical direction of the cross members 37 and 
38, fitting holes 39 are defined in the swing arm brackets 8 to bear the swing arm 
9 shown in Fig. 1. 

A pair of left and right first engine mounts 40 for supporting an upper 
portion of the engine E are formed integrally with the main frame 11 so as to 
protrude downwardly therefrom. On the other hand, a portion of the cylinder of 
the engine E confronting each of the first engine mounts 40 is formed integrally 
with a fitting piece 43 so as to protrude therefrom. The first engine mounts 40 
and the fitting pieces 43 are overlapped one above the other with spacers (not 
shown) intervening therebetween and, by fastening bolts 44, inserted into 
respective fitting holes of the first engine mounts 40 and the fitting pieces 43, 
with nuts (not shown), the engine E is supported at its front upper portion by the 
main frames 11. 

Also, a pair of left and right second engine mounts 47 for supporting 
a rear upper portion of the engine E are formed integrally with the upper cross 
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member 37 in the main frame 11 so as to protrude forwardly therefrom. On the 
other hand, a portion of a crankcase 48 of the engine E confronting each of the 
second engine mounts 47 is formed integrally with a fitting piece 49 so as to 
protrude therefrom. The second engine mounts 47 and the fitting pieces 49 are 
overlapped one above the other with their fitting holes (not shown) aligned and, 
by fastening bolts 44A, inserted into the fitting holes, with nuts (nut shown), the 
engine E is supported at its rear upper portion by the main frames 11. 

In addition, a pair of left and right third engine mounts 50 for 
supporting a lower portion of the engine E are formed integrally with the lower 
cross member 38 in the swing arm brackets 8 so as to protrude upwardly 
therefrom. On the other hand, another portion of the crankcase 48 of the engine 
E confronting each of the third engine mounts 50 is formed with a screw hole 
(not shown). Yet, the swing arm brackets 8 are formed with respective 
throughholes 51 for a bolt fastening work. Thus, by aligning the fitting holes 
(not shown) in the third engine mounts 50 and the screw holes in the engine E 
with each other and then inserting fitting bolts 44B into the screw holes through 
the throughholes 51, the engine E is supported at its lower portion by the swing 
arm brackets 8. 

Since the first to third engine mounts 40, 47 and 50 are formed 
integrally with the inner member 19, as compared with the conventional 
arrangement in which the engine is mounted through engine mounts which are 
formed by separate and independent elements, the number of component parts 
can be reduced and the assemblability can be increased. In addition, the engine 
E can be stably supported by the first to third engine mounts 40, 47 and 50 that 
are formed integrally with the inner member 19 prepared from a metal casting 
and thus having a high rigidity. 

It is to be noted that the inner member 19 of a metal casting can be 
formed integrally with other members than the first to third engine mounts 40, 47 
and 50. In the illustrated embodiment, in order for the seat rail 14 and the 

-<11>- 



reinforcement member 14A shown in Fig. 1 to be fitted, a pair of left and right 
support pieces 52 and a pair of left and right support pieces 53 shown in Fig. 2 
are formed integrally with the upper cross member 37 and inner surfaces of the 
swing arm brackets 8, respectively. Also, a plurality of damping ribs 56 are 
formed integrally with an inner surface of each of the left and right inner plate 
halves 21A and 21B of the inner member 19. Where the damping ribs 56 are 
provided integrally, as compared with the conventional damping structure in 
which rubber dampers are embedded within a main frame, the number of 
component parts can be reduced to achieve reduction in cost. Yet, the inner 
member 19 can be provided integrally with, for example, a mounting bracket 54 
for holding an electrical component 41 as shown by the double-dotted line in Fig. 
2. In addition, as shown in Fig. 3, a rear end portion of each of the inner frame 
halves 21A and 21B of the inner frame portions 21 is provided with a drain port 
57 opening inwardly for discharging a water component, trapped by the flashing 
plate 34 (Fig. 2), to the outside of the vehicle frame structure 1. 

In the next place, the welding between the outer frame halves 20A 
and 20B of the outer member 20 and the inner frame halves 21A and 21B of the 
inner member 19 will be described with reference to Fig. 4b which illustrates an 
important portion of Fig. 4a on an enlarged scale. Upper and lower end portions 
of each of the inner frame halves 21A and 21B of the inner members 19 of a 
metal casting are formed with welding steps 58 each corresponding to the 
thickness of each of the outer frame halves 20A and 20B of the outer member 20, 
with their tip portions defining a thin-walled portion 59. Opposite end portions 
of each of the outer frame halves 20A and 20B of the outer member 20 of a sheet 
metal are overlapped over the corresponding thin-walled portions 59 and a butt 
welding 60 is carried out while the opposite end portions of each of the outer 
frame halves 20A and 20B butt against the associated welding steps 58. 

The employment of the above described welding method is effective 
to facilitate an accurate positioning of the outer frame halves 20A and 20B and 
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the inner frame halves 21A and 21B relative to each other at the site of welding 
and is also effective to provide a high degree of freedom on the shape of the 
grooves between the inner frame halves 21A and 21B and the outer frame halves 
20A and 20B. Accordingly, the weldability can be considerably increased and 
no high welding skill is needed to achieve the intended welding. In addition, 
where a butt welding is performed, if a suitable groove angle 9 is selected, a mere 
linear movement of a welding torch while it is held at right angles to the welding 
groove is effective to secure penetration of an equal depth in both the outer frame 
halves 20A and 20B and the inner frame halves 21A and 21B so that smooth 
weld joints 60 without accompanying a bead protrusion can be obtained. Also, 
since the cross-sectional area of the resultant weld is uniform enough to prevent 
any stress concentration, the margin of the frame structure strength with respect 
to the weld joints 60 can be withheld at a low level. As a result, the weight of 
the main frame 11 can be reduced. 

Also, since the inside of the main frame 11 is delimited by the outer 
member 20 of a sheet metal, the vehicle frame structure 1 can provide an 
appealing appearance. In addition, since the inside of the main frame 11 is 
constructed of the inner member 19 of a metal casting that can exhibit higher 
dimensional accuracy than a sheet metal, the clearance for the cleaner casing 31 
or other components positioned inside the forked main frame 11 can be 
minimized to a value as small as possible and, accordingly, the widthwise 
dimension of the main frame 11 can be reduced to facilitate reduction in size and 
weight. 

It is to be noted that although in the foregoing embodiment the inner 
frame portion 21 of the inner member 19 has been described as comprised of the 
pair of left and right inner frame halves 21A and 21B, the inner member 19 may 
be of a structure including an inner frame portion having left and right inner 
frame halves formed integrally and swing arm brackets. Also, although in the 
foregoing embodiment the outer member 20 has been shown as forming an outer 
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frame portion of the main frame 11, the outer member 20 may form respective 
outer portions of the main frame 11 and the swing arm brackets 8. In such case, 
the inner member 19 will form the inner portions of the swing arm brackets 8. 
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